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Does Interactive Learning Enhance 

Education: For Whom, In What Ways and 
In Which Contexts?

Anthony J. Rodrigues

To get a balanced view we review the body of research during the past three decades that 
has investigated interactive learning in a variety of forms ranging from the earliest 
days of mainframe-based computer-assisted instruction to contemporary multimedia 
learning environments accessible via the World Wide Web. In light of this  some 
researchers believe that we are on the verge of developing a true instructional science 
whereas others conclude that we simply cannot pile up generalizations fast enough to 
adapt the interactive designs to the myriad variables inherent in human learning. 
This paper, summarizes what is know and what is not known about interactive 
learning, describe the strengths and weaknesses of various approaches to interactive 
learning research, and concludes by describing a structured evaluation framework 
for technology mediated learning i.e. design, process and outcome from a technical, 
human and educational systems perspective respectively based on a development 
research agenda. 

Introduction 
The U.K. e-University was launched in 2000. The initial business plans forecast 
rapid growth to 110,000 students within six years and 250,000 in a decade, with 
projected profits of more than £110m. An investigation by the Commons education 
select committee found that studying at the UK e-University, which folded last 
year six months after the launch of its first courses, cost an average of £44,000 per 
student - more expensive than going to Oxford or Cambridge. 

A government initiative to offer British university degree courses over the 
internet was condemned by MPs in March 2005 as a “disgraceful waste” of public 
money after it recruited just 900 students at a cost of £50million. The e-University 
“blindly” pursued a policy of offering entirely internet-based learning, despite 
evidence that students preferred to supplement online study with traditional 
lectures and seminars.

The first lesson one learns is that the development of e-learning needs to be 
learner-centered than technology driven. We need to learn a lot more about the 
needs of learners and the form of pedagogy that e-learning involves.

It is necessary to appreciate the importance and complexity of researching 
interactive learning. More specifically, an outline of what is know about interactive 
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learning as well as what is not  known, and  some directions are suggested for 
further research.  

What is meant by interactive learning? Almost every field of inquiry today 
is beset with dichotomous controversies. In biology it is nature versus nurture 
and culture. If research on interactive learning can be regarded as a field, then 
it too has its controversies. Some view it as a branch of science or technology 
and others regard it as more akin to a type of craft or even art (Clark & Estes, 
1998). Nonetheless, any skepticism concerning learning sciences and educational 
technology does not preclude a strong commitment to development research 
and evaluation as necessary, but insufficient, methods for collecting information 
to guide the decisions that must be made when designing (crafting) interactive 
learning environments.

What is the intrinsic definition of interactive learning? Faced by a history of 
failed technology-based innovations e.g., 

• programmed instruction,
• teaching machines, and 
• computer-assisted instruction), the latest buzzwords for interactive 

learning e.g.,
• interactive multimedia, 
• the World Wide Web (WWW), and 
• virtual reality; 
 attract both  enthusiasm (Perelman, 1992) and serious skepticism (Postman, 

1995). Ultimately, all learning is interactive in the sense that learners 
interact with:

• content to process, 
• tasks to accomplish, and/or 
• problems to solve. 

However, in this paper, reference is made,see Reeves 1999,  to a specific meaning 
of interactive learning as involving some sort of technological mediation between 
a teacher/designer and a learner. From this perspective an interactive learning 
system requires an electronic device equipped with a microprocessor (e.g., a 
computer) and at least one human being (a learner). The adult school dropout 
developing basic literacy skills via a multimedia simulation, the high school student 
surfing the WWW for archival material about indigenous people to prepare a class 
presentation, and the three-year old practicing color-matching skills with Big Bird 
with a Sesame Street CD-ROM program are all engaged in interactive learning.

What is known and what is not known?
There are two major approaches to using interactive learning systems and programs 
in education, although many of the ideas expressed in this paper may apply within 
training contexts. First, people can learn “from” interactive learning systems and 
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programs, and second, they can learn “with” interactive learning tools. Learning 
“from” interactive learning systems is often referred to in terms such as computer-
based instruction (CBI) or integrated learning systems (ILS). Learning “with” 
interactive software programs, on the other hand, is referred to in terms such as 
cognitive tools and constructivist learning environments.

The foundation for the use of interactive learning systems as “tutors” (the 
“from” approach) is “educational communications theory,” or the deliberate 
and intentional act of communicating content to students with the assumption 
that they will learn something “from” these communications. The instructional 
processes inherent in the “from” approach to using interactive learning systems 
can be reduced to four simple steps:
1)  exposing learners to messages encoded in media and delivered via an interactive 

technology, 
2)  assuming that learners perceive and encode these messages, 
3)  requiring a response to indicate that messages have been received, and 
4)  providing feedback as to the adequacy of the response.

The findings concerning the impact of interactive learning systems and programs 
can be summed up as:
-  Computers as tutors 

• have positive effects on learning as measured by standardized achievement 
tests, 

• are more motivating for students, 
• are accepted by more teachers than other technologies, and 
• are widely supported by administrators, parents, politicians, and the public 

in general. 
-  Students are able to complete a given set of educational objectives in less time 

with CBI than needed in more traditional approaches. 
-  Limited research and evaluation studies indicate that integrated learning systems 

(ILS) are effective forms of CBI which are quite likely to play an even larger 
role in classrooms in the foreseeable future. 

-  Intelligent tutoring systems have not had significant impact on mainstream 
education because of technical difficulties inherent in building student models 
and facilitating human-like communications. 

-  Overall, the differences found between interactive learning systems as tutors 
and human teachers have been modest and inconsistent. It appears that the 
larger value of these systems as tutors rests in their capacity to:
• motivate students, 
• increase equity of access, and 
• reduce the time needed to accomplish a given set of objectives. 
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The foundation for the use of interactive learning systems as “cognitive tools” 
(the “with” approach) is “cognitive psychology.” Computer-based cognitive tools 
have been intentionally adapted or developed to function as intellectual partners 
to enable and facilitate critical thinking and higher order learning. Examples of 
cognitive tools include: 

• databases, 
• spreadsheets, 
• semantic networks, 
• expert systems, 
• communications software such as teleconferencing programs, 
• on-line collaborative knowledge construction environments, 
• multimedia/ hypermedia construction software, and 
• computer programming languages. 

In the cognitive tools approach, interactive tools are given directly to learners to 
use for representing and expressing what they know (Jonassen & Reeves, 1996). 
Learners themselves function as designers, using software programs as tools for 
analyzing the world, accessing and interpreting information, organizing their 
personal knowledge, and representing what they know to others.

The basic principles that guide the use of interactive software programs as 
cognitive tools for teaching and learning are:
-  Cognitive tools will have their greatest effectiveness when they are applied 

within constructivist learning environments. 
-  Cognitive tools empower learners to design their own representations of 

knowledge rather than absorbing representations preconceived by others. 
-  Cognitive tools can be used to support the deep reflective thinking that is 

necessary for meaningful learning. 
-  Cognitive tools have two kinds of important cognitive effects, those which 

are
• with the technology in terms of intellectual partnerships and 
• of the technology in terms of the cognitive residue that remains after the 

tools are used. 
-  Cognitive tools enable mindful, challenging learning rather than the effortless 

learning promised but rarely realized by other instructional innovations. 
-  The source of the tasks or problems to which cognitive tools are applied 

should be learners, guided by teachers and other resources in the learning 
environment. 

-  Ideally, tasks or problems for the application of cognitive tools will be situated 
in realistic contexts with results that are personally meaningful for learners. 
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-  Using multimedia construction programs as cognitive tools engages many skills 
in learners such as:
• project management skills, 
• research skills, 
• organization and representation skills, 
• presentation skills, and 
• reflection skills. 

-  Research concerning the effectiveness of constructivist learning environments 
such as microworlds, classroom-based learning environments, and virtual, 
collaborative environments show positive results across a wide range of 
indicators. 

In summary, over thirty years of educational research indicates that various 
interactive technologies are effective in education as phenomena to learn both 
“from” and “with.” Historically, the learning “from” or tutorial approaches 
have received the most attention and funding, but the “with” or cognitive tool 
approaches are the focus of more interest and investment than ever before. 
Preliminary findings suggest that in the long run, constructivist approaches to 
applying media and technology may have more potential to enhance teaching and 
learning than instructivist models (Jonassen & Reeves, 1996). In other words, the 
real power of interactive learning to improve achievement and performance may 
only be realized when people actively use computers as cognitive tools rather than 
simply interact with them as tutors or data repositories.

Concurrently, there is a paucity of empirical evidence that interactive learning 
technologies are any more effective than other instructional approaches. This is 
because most research studies confound media and methods. Sixteen years ago, a 
debate was ignited with the provocative statement that “media do not influence 
learning under any conditions” (Clark, 1983, p. 445). It was later clarified by 
explaining that media and technology are merely vehicles that deliver instructional 
methods, and that it is instructional methods, the teaching tasks and student 
activities, that account for learning. It was maintained that as vehicles, interactive 
technologies such as computer-based instruction do not influence student 
achievement any more than the truck that deliver groceries changes our nutrition. 
Clark (1994) concluded that media and technology could be used to make 

• learning more efficient (enable students to learn faster), 
• more economical (save costs), and/or 
• more equitable (increase access for those with special needs).

Robert Kozma challenged Clark in the debate about the impact of media and 
technology on learning by arguing the separation of media and methods creates “an 
unnecessary and undesirable schism between the two” (Kozma, 1994, p. 16). It was 
recommended that we move away from the questions about whether technologies 
impact learning to questions concerning the ways can we use the capabilities of 
interactive technology to influence learning:
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• for particular students 
• with specific tasks and 
•  in distinct contexts. 

Kozma recognized that although interactive technologies may be essentially 
delivery vehicles for pedagogical dimensions, some vehicles are better at enabling 
specific instructional designs than others.

Both perspectives are important ideas. It is evident that the instructional 
methods students experience and the tasks they perform matter most in learning. 
In addition, the search for unique learning effects from particular interactive 
technologies appears ultimately futile since fifty years of media and technology 
comparison studies have indicated no significant differences in most instances. 
Whatever differences are found can usually be explained by differences in 

• instructional design, 
• novelty effects, or 
• other factors. 

However, even though technologies may lack unique instructional effects, some 
educational objectives are more easily achieved with interactive learning than in 
other ways. Revealing effective implementations of interactive learning for:

• various types of learners ;
• discrete learning objectives; and 
• content 

is an important goal for educational researchers and evaluators.

A Development Research Agenda
The fact that educational research is not highly valued by educational practitioners 
is widely recognized. A large part of the problem can be attributed to the fact that 
the interests:

• of academics who conduct research and 
• those of administrators, teachers, students, parents, and others involved in 

the educational enterprise are often quite different. Tanner (1998) reminds 
us that educational research should be focused on the mission of enhancing 
educational opportunities and outcomes.

As noted in the previous section, research reveals that students learn both from and 
with interactive learning technology. Computer-based instruction and integrated 
learning systems have been demonstrated to be effective and efficient tutors, and 
there is considerable evidence that learners develop: 

• critical thinking skills as authors, designers, and constructors of multimedia 
or as 

• active participants in constructivist learning environments. 
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Unfortunately, the level of knowledge about interactive learning is somewhat 
analogous to what health practitioners know about the functions of vitamins and 
herbs in supporting good health. There is general agreement within the healthcare 
professions that most vitamins and many herbs have health benefits, but there is 
considerable disagreement about the proper dosages, regimens, and protocols for 
using various products. Similarly, in education, while there is general agreement 
that interactive learning is good, very little is known about the most effective 
ways to implement interactive learning. In fact, the need for long-term, intensive 
research and evaluation studies focused on the mission of improving teaching and 
learning through interactive learning technology has never been greater. 

Both international and national government and commercial interests are 
pushing interactive learning in various forms from preschool through lifelong 
learning, and major decisions are being made about these technologies based upon 
habit, intuition, prejudice, marketing, politics, greed, and ignorance rather than 
reliable and valid evidence provided by research and evaluation.

Research and evaluation efforts should be primarily development in nature, i.e., 
focused on the invention and improvement of creative approaches to enhancing 
human communication, learning, and performance through the use of interactive 
learning technologies. The purpose of such inquiry should be to improve, not to 
prove. Further, development research and evaluation should not be limited to any 
one methodology. Any approach, quantitative, qualitative, critical, and/or mixed 
methods, is legitimate as long as the goal is to enhance education.

Policy-makers in the USA the Panel on Educational Technology of the 
President’s Committee of Advisors on Science and Technology (1997) established 
three priorities for future research:

1.  Basic research in various learning-related disciplines and fundamental 
work on various educationally relevant technologies.

2.  Early-stage research aimed at developing new forms of educational 
software, content, and technology-enabled pedagogy.

3.  Empirical studies designed to determine which approaches to the use of 
technology are in fact most effective. (p. 38) 

The second of these priorities reflects the need for development research issued 
above. However, some researchers feel that the President’s Committee of Advisors 
on Science and Technology (1997) has placed too much faith in the ability of large-
scale empirical studies to identify the most effective approaches to using interactive 
learning in schools. In the final analysis, the esoteric and complex nature of human 
learning may mean that there may be no generalizable “best” approach to using 
interactive learning technology in education. The most one may hope for is more 
creative application and better informed practice.
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Evaluation Framework: Technology Mediated Learning
Salomon (1991) describes the contrast between analytic and systemic approaches 
to research that transcends the “basic versus applied” or “quantitative versus 
qualitative” arguments that so often dominate debates about the relevancy of 
educational research. Salomon concludes that the analytic and systemic approaches 
are complementary, arguing that “the analytic approach capitalizes on precision 
while the systemic approach capitalizes on authenticity”. 

One reason for this state of affairs is that there has long been great disagreement 
about the purpose and value of educational research. Should researchers and 
evaluators seek to establish immutable laws akin to those found in the harder 
sciences? Or should we be focused on finding out how to improve education with 
different types of students in specific places at particular times of their development? 
These questions reflect an on-going struggle between those who view this field 
as a science and those who regard it as a craft. The aforementioned Panel on 
Educational Technology of the President’s Committee of Advisors on Science and 
Technology (1997) listed as one of its six major strategic recommendations that 
the government “initiate a major program of experimental research....to ensure 
both the efficacy and cost effectiveness of technology use within our nation’s 
schools” (p. 5). Reeves (1999) contends that a wiser course would be to support 
more development research (aimed at making interactive learning work better) 
using a wider range of quantitative, qualitative, critical, and mixed methods and 
less empirical research (aimed at determining how interactive learning works) 
using experimental designs.

From a baseline of practice of attempting to evaluate many e-learning 
programmes, one of the biggest problems has proved to be handling the number 
of variables which potentially impact on the effectiveness of the programme and 
deciding what constitutes dependent, independent and irrelevant variables in a 
given situation. 

According to (Hughes 2003), over several e-learning evaluation projects, five 
major clusters of variables have emerged; individual learner variables, environmental 
variables, technology variables, contextual variables and pedagogic variables. 

Individual learner variables include physical characteristics, learning history, 
learner attitude, learner motivation, and familiarity with the technology. On the 
other hand learning environment variables include the immediate (physical) learning 
environment, the organisational or institutional environment and the subject 
environment. Contextual variables include socio-economic factors, the political 
context and cultural background. Technology variables have been identified as 
the kind of hardware and software used and the connectivity, media and mode 
of delivery employed. Pedagogic variables touch on issues concerned with the 
level and nature of learner support systems, accessibility issues, methodologies 
employed, flexibility, learner autonomy, selection and recruitment criteria, 
assessment and examination, and accreditation and certification issues.
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The issues discussed above are incorporated and aggregated into a two-dimensional 
structured framework that considers pedagogic and contextual issues see Omwenga 
& Rodrigues (2006). We note that the two issues cut across human and technical 
provisions of an educational system. Attitude, and socio-political issues that define 
the context and environmental issues that define cultural values, all result in human 
perspective A matrix-like framework is shown below in figure 1 

Figure 1:  Technology Mediated Learning: Evaluation 

The framework in figure 1 indicates that any technology mediation for educational 
purposes has a structure, a process and a learning outcome (SPO) which can 
be viewed from three main systems perspectives: that of the technical system 
functioning, human perspectives of those involved, and the overall impact on 
the education system. A matrix diagonal resulting from the overlay are technical 
standards; organisational infrastructure and social interaction; and educational 
status and developmental potential of target population. By extending this 
framework more fully into a matrix we may explore and study  broader and more 
comprehensive relationships. For example, when the structure (or design) of a 
system is considered in terms of its overall impact on the educational system, 
one can appreciate the opportunities and challenges that arise in implementing 
interactive learning across emerging economies.  Let us consider each of these 
matrix items (levels and components) in turn.

Level 1. The system’s functioning (Technical).

This may be referred to as the raw efficiency of the system itself. Broken down 
into the evaluation procedure, the following aspects may be considered for an e-
learning system:
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• Structure: What are the hardware requirements and is the software structure 
understandable? Does the full set of system components work together in a 
technical sense? Has the system implemented pedagogic requirements that 
mimic classical principles of instruction?

• Process: Is the method by which an instructional system brings about learner 
behavioural change from a state of “not knowing” to a state of “knowing” 
given specific learner entry behaviour. 

• Outcome: Here we want to know if the results are relevant, applicable and 
reliable. We ask: do they meet the requirement specifications?

Level 2. Human perspectives.  

This includes the acceptability of the system by the various stakeholders, and 
considers how the system’s functions affect them.  Foster & Conford’s (1992) 
technology evaluation in health services recognises at least three roles under 
human perspectives. In other situations, there may be more roles worthy of 
consideration, in which case, the number of stakeholders has to be increased.  
Assessing human perspectives of information systems is not easy and these aspects 
are not easily measurable.  Researchers must allow themselves both the freedom to 
identify sufficient stakeholders and the freedom of using qualitative judgments in 
their analyses when quantitative measures cannot be obtained.  We identify three 
stakeholders in this framework:

The user (Instructor).  This is the primary agent in the system implementation, 
who is indispensable for its proper functioning.  Within the SPO dimension, this 
poses questions such as:
• Structure: What are the changes to working conditions, in terms of the physical 

environment, skill requirements etc.?
• Process: How is the user’s mode of operation changed? Are these changes seen 

as desirable to the user as an individual, and to the user’s organisational role?
• Outcome: Is the overall effectiveness of the user within the education system 

enhanced?
The Learner.  This is the person who the system is expected to benefit, and who 
is often directly or indirectly affected by its implementation.  
• Structure: Are learners required to modify their behaviour in any way? 
• Process: How is the learner’s experience altered at the point of contact with 

the system?
• Outcome: Does the use of the system result in changes in the quality of service 

and better education for the recipient?

The Administrator.  This is the person responsible for the general management of 
the e-learning unit.  Note that, since this is under the human perspective heading, 
assessment at this level is focused on the person responsible for the management 
of the individual e-learning unit rather than the whole education system.  Thus, it 
is limited to the administrator’s immediate concerns.



Does Interactive Learning Enhance Education ?      289 288 Advances in Systems Modelling and ICT Applications Does Interactive Learning Enhance Education ?      289 288 Advances in Systems Modelling and ICT Applications

• Structure: Is the system a reasonable, cost-effective and efficient alternative to 
existing structures?

• Process: Does the system imply change in the delivery of activities for 
which the administrator is responsible’?  Does it change the character of the 
administrator’s job?  

• Outcome: Does the system improve specific education provision on a reasonable 
metric?

Level 3. Education system. 

This involves a consideration of the impact of a system’s use on the education 
system as a whole, and on e-learning itself. It concerns the national developmental 
level in its widest possible sense.  
• Structure: Does it change the balance between the functions of the different 

education providers?
• Process: Does it affect practice and delivered quality of education provision?
• Outcome: Does it improve the education status and development potential of 

the population it serves?

Conclusion
The justification for the approach described here can be made from two main angles.  
Firstly, it provides a procedure that assesses the technical and the social aspects 
of a system, as well as the long-term impact on improving education provision.  
Secondly, it is a standardized procedure for reporting evaluation results that may 
be widely applied.  In summary, the evaluation framework proposed here permits 
a structured view of interactive learning projects which recognises both the need 
to link the technology grounded applications with ones that involves a more 
fundamental understanding of the broader concept of the value of  education.

Applying the evaluation model to two e-learning case studies, see Omwenga 
& Rodrigues (2006), has shown that, to a large extent, e-learning is a sustainable 
and viable mode of instructional process. The structure, process, and outcome 
in each of the three levels of evaluation has not brought out any fundamental 
flaws that threaten the mode of delivery. It is however, not a matter of conjecture 
that higher learning institutions need to make initial substantial resource input in 
implementing e-learning in their institutions. 

These observations are of interest to policy makers. Quite clearly, technology 
has a positive impact in supporting education provision. E-learning is a viable 
mode of delivery. However, recommendations on the form, structure and process 
of introducing universal e-learning in institutions of higher learning needs a much 
broader evaluation in terms of capacity to sustain the technology and enabling  
access to it that will not exclude others. Moreover, although  many researchers 
have claimed that technology-mediated education can play a foundation role of 
all attempts at poverty alleviation, better health, and larger access to education, 
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governments, and technocrats may argue that provision of basic teaching 
materials such as books, laboratory equipment, and even qualified human resource 
manpower are more urgent issues to deal with in poor economies.
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